ATTACHMENT C : TESTING AND MONITORING PLAN

Facility Information

Facility name: Archer Daniels Midland, CCS#2 Well
IL-1156A-0001

Facility contact: Mr. Steve Merritt Plant Manager,
4666 Faries Parkway, Decatur, IL
(217) 4245750 steve.merritt@adm.com

Well location: Decatur, Macon County, IL;
39 U D.3283H ;88U 5 $.68806

This Testing and Monitoring Plan describes how ADM will monitor the £$te ursuant to

40 CFR 146.90In addition to demonstrating that the well is operating as planned, the carbon
dioxide plume and pressure front are moving as predicted, and that there is no endangerment to
USDWs, the monitoring data will be used to validate atjdst the geological models used to
predict the distribution of the GQvithin the storage zorne support AoR reevaluations and a
nornrendangerment demonstration

Quality Assurance Procedures

A quality assurance and surveillance pl@ASP)for all testing and monitoring activities
pursuant tal0 CFR146.90(k) is provided ithe Appendixto this Testing and Monitoring Plan

Carbon Dioxide Stream Analysis

ADM will analyze theCO; streamduring theoperationperiodto yield data representatiaé its
chemical and physical characteristics and to meet the requirements of 40 CFR 146.90(a).
Sampling will take placquarterly,by the following dates each year: 3 months after the date of
authorization of injection, 6 months after the date of authtian of injection, 9 months after the
date of authorization ahjection, and 12 months after the date of authorizationjettion

ADM will sample and analyzbe CQ streamas described in Section 6A.1 of the permit
application angbresentedbelow.

Analytical Parameters

ADM will analyze theCO; for the constituent&lentified inTablel using the methods listed
Sampling will take placeugrterly,by the following dates each year: 3 months after the date of
authorization of injection, 6 months after the date of authorization of injection, 9 months after the
date of authorization of injection, and 12 months after the date of authorization of injection.
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Table 1. Summary of analytical parameters for CQ gas stream.

Parameters Analytical Methods @

Oxygen ISBT 4.0 (GC/DID)
GC/TCD

Nitrogen ISBT 4.0 GC/DID
GC/TCD

Carbon Monoxide ISBT 5.0 Colorimetric
ISBT 4.0 (GC/DID)

Oxides ofNitrogen ISBT 7.0 Colorimetric

Total Hydrocarbons ISBT 10.0 THA (FID)

Methane ISBT 10.1 GC/FID)

Acetaldehyde ISBT 11.0 (GC/FID)

Sulfur Dioxide ISBT 14.0 (GC/SCD)

Hydrogen Sulfide ISBT 14.0 (GC/SCD)

Ethanol ISBT 11.0 (GC/FID)

CO2 Purity ISBT 2.0Caustic absorption Zahidagel
ALI method SAM 4.1 subtraction method (GC/DID)
GC/TCD

Note 1:An equivalent method may be employed with phier approval of the UIC Program Director.

SamplingMethods

CO, stream sampling will occur in tlmpressor building aftéhe last stage of compressidn.
sampling station will be installed with the ability to purge and collect samptea oontainer
that will be sealed and sent to the authorized ktboy.

All samplecontainerswill be labeled vith durablelabels and indelible marking&. unique
sample identification numbandsampling date will be recorded on the sangaletainers.

Laboratory to bdJsedChain of CustodyProcedures

Samples will be analyzed by a third party laboratory usinglataiived procedures for gas
chromatography, mass spectrometry, detector tubes, and photo ionitaé@ample chaiof-
custodyprocedures described in Section B.3 of the QASP will be employed.

Continuous Recording of Injection Pressure, Rate, and VolumeAnnulus Pressure

ADM will i nstalland usecontinuous recording devices to monitor injection pressure,aiate
volume the pressure on the annulus between the tubing and the long string @aditite
annulus flud volume added.
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ADM will perform the activitiesdentified inTable2 to verify internalmechanical integrity of
the injection welland monitor injection pressure, rate, volume antubar pressure as required
at40 CFR146.88, 146.89, and 146 @0). All monitoring will be continuoudor the duration of
the operation perigdand at the locations shown in the tafilee injection well will have
pressure/temperature gauges at the sugaden the tubing at the packer. In addition there will
be distributed temperature sens(By S) fibers in the injection well.

Table 2. Sampling Locations for Continuous Monitoring.

Test Description Location

Annular Pressur®lonitoring Surface

Injection Pressure Monitoring Surface

Injection Pressure Monitoring Reservoir- Proximate to packer
Injection Rate Monitoring Surface

Injection Volume Monitoring Surface

Temperature Monitoring Surface

Temperature Monitoring Reservoir- Proximate to packer
Temperature Monitoring Along wellboreto packewusing DTS

Aboveground pessure and temperature instruments shall be calibrated over the full operational
rangeat least annuallysing ANSI or other recognized standadadieu of removing the

injection tubingdownhole gaugewill demonstrate accuracy by using a second pressure gauge,
with current certified calibration, that will be lowered into the well to the same depth as the
permanent downhole gauderessure transduceshall have a drift stability of less than 1 psi

over the operational period of the instrument and an accuracy pki. Sampling rates will be

at least once pérsecond. Temperature sensors will be accurate to within one degree Celsius.
DTS sampliig rate will be once per 10 seconds.

Flow will be monitored with &£ oriolis mass flowmeter at theompression facilityThe
flowmeter will be calibrated using accepted standards and be accurate tatviithipercent.
The flowmeter will be calibrated fahe entire expected range of flow rates.

Injection Rate and Pressure Monitoring

ADM will monitor injection operations using the distributive process control system, as
described in Section 6A.2.2.3 of the CCS#2 permit application and presented below.

The Surface Facility Equipment & Control Systemil limit maximum flow to 3,300 MT/day

and/or limit the well head pressure t@&4 psig, which corresponds to the regulatory
reqguirement to not exceed 90% of torhoperatiomg ect i o
will be continuously monitored and controlled by the ADM operations staff using the distributive
process control system. This system will continuously monitor, control, record, and will alarm

and shutdown if specified control parameters ed¢beir normal operating range.

Testing and Monitoring Plan for ADM CCS#2Modified January 2017 Page G of 30
Permit Number: IE115-6A-0001



More specifically, all critical system parameters, e.g., pressure, temperature, and flow rate will
have continuous electronic monitoring with signals transmitted back to a master control system.
ADM supervisors and operasowill have the capability to monitor the status of the entire system
from distributive control centers but mainly framio locations: thgghase lcompression control
room(near the C@collection and blower facility)and thgphase 2 main compression aaht

room.

Calculation of Injection Volumes

Flow rate is measured on a mass basis (kg/hr). The downhole pressure and temperature data will
be used to perform the injectate density calculation.

The volume of carbon dioxide injected will be calculatediftbe mass flow rate obtained from
the mass flow meter installed on the injection line. The mass flow rate will be divided by density
and multiplied by injection time tdetermine the volume injected.

Density will be calculated using the correlation depeld by Ouyang (2011). The correlation
uses the temperature and pressure data collected to determine the carbon dioxide density. The
density correlation is given by

[ = Ao+ AP + A7P2 + Ag*P3 + A P*

Wherer is the density, P is the pressure in psid A are coefficients determined by the
equations:

Ai = bio + bir*T + bi*T2 + big* T3 + ba* T

T is the temperature in degrees Celsius and the b coefficierngseamntedn Table3 andTable
4 below!?

Table 3. Injection volume calculation b coefficients, pessure < 3000 psi

bio bix biz bis bia

i=0

-2.148322085348E+0

1.168116599408E+04

-2.302236659392E+0

1.967428940167E+0(

-6.184842764145B3

i=1

4.757146002428E+07

-2.619250287624E+0

5.215134206837€1

-4.494511089838103

1.42305879598205

i=2

-3.713900186613B1

2.072488876536D2

-4.169082831078B4

3.622975674137H6

-1.15505086032908

i=3

1.228907393482€4

-6.93006374622606

1.406317206628B7

-1.23099528716909

3.94841742804082

i=4

-1.46640801178408

8.338008651366H0

-1.70424244719481

1.500878861807#3

-4.838826574173H6

Table

4. Injection volume calculation b coefficientspressure > 3000 psi

bio

bi1

biz

bis

bia

i=0

6.897382693936E+07

2.730479206931E+0(

-2.25410236454202

-4.65119614691783

3.43970223495605

i=1

2.213692462613B1

-6.54726825581483

5.982258882656B5

2.2749974125261B6

-1.88836133766008

IQuyang
Conditions Expectedi@ar bon

2011, 4, 1201.

2011,

fiNew Correl
Capture

ati
and

ons

for

Predicti
Sequestration

ng

t he
Operations, @

Testing and Monitoring Plan for ADM CCS#2Modified January 2017
Permit Number: IE115-6A-0001

Page @ of 30

Dens



bio

bia

biz

bis

bia

i=2

-5.118724890479B5

2.019697017603B6

-2.311332097185i08

-4.07955740467980

3.89359964187482

i=3

5.517971126745B€9

-2.415814703211#0

3.12160348652482

3.17127108487084

-3.560785550401H6

i=4

-2.184152941323#3

1.01070370605984

-1.406620681883H6

-8.95773113644789

1.21581046953920

The final volume basis will be calculated as follows:

Volume basis (rfihr) = Mass basigkg/hr) / density (kg/rf)

Continuous Monitoring of Annular Pressure

ADM will use the procedures below to monitor annular pressure, as described in Section 6A.3.1
of the CCS #permitapplication.

The following procedures will be used to limit the poterfoalany unpermitted fluid movement
into or out of tle annulus

1. The annulus between the tubing and the long string of casing will be filled with brine. The
brine will have a specific gravity of 16zand a density of 10.5 lbs/gal. The hydrostatic
gradient $ 0.546 psi/ft. The brine will contain a corrosion inhibitor.

2. The surface annulus pressure will be kept at a minimum of 400 pounds per square inch
(psi) during injection.

3. During periods of well shut down, the surface danayressure will be kept at a minimum
pressure to maintampressure differentiaf at least 100 pdetween thannular fluid
directly above (higher pressure) and below (lower pressure) the injection tubing packer set
at6,312ft KB.

4. The pressure with the annular space, over the interval above the packer to the confining
layer, will be greater than the pressure of the injection zone formation at all times.

5. The pressure in the annular space directly above the packer will be maintained at least 100
psihigher than the adjacent tubing pressure during injection.

Figurel showsthe process instrument diagram fioe injection well annulus protection system.

The anmilar monitoring system consssif a continuous annular pressure gaugeeasurized
annulus fluidreservoir(annulus head tanjpressure regulatorand tankfluid level indication
Theannulus system will maintain annulus pressure by controlling #sspre on the annulus
head tank using eitheompresseditrogen or CQ.

The annulus pressuvéll be maintained between approximately 4225 psi andnonitored by
the ADM control system gauges. Taenulusheadtankpressurevill be controlled by pressure
regulatorsoneset of regulatorgo maintain pressure above 400 psi by adding compressed
nitrogen or CQand the other teelieve pressure above 5@5i by venting gas off the annulus
head tank.

Any changes to the compositi@f annular fluid will be reported in the next report submitted to
the permitting agency.
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Figure 1. The annular monitoring system general layout.

If system communication is lost for greater than 30 minutes, project personmrfalm field
monitoring of manual gauges every four hours or twice per shift for both wellhead surface
pressure and annulus pressure, and record hard copies of the data until communication is
restored.

Average annular pressure aathulus tankluid level will be recorded daily.The volume of
fluid added or removed from the system will be recorded.

CasingTubing Pressure Monitoring

ADM will monitor the casingubing pressure as described in Appendix G of the CQ8#HBit
application and presentedibe.

During the injection timeframe of the project, the cagingng pressure will be monitored and
recorded in real time. Surface pressure of the casinigg annulus is anticipated to be fra25
to 525psi. As detailed in th&mergency and Remedial fmnse Plan (Attachment F to this
permit), significant changgin thecasingtubing annular pressusdtributed to wellnechanical
integrity will be investigated

Collection and recording of monitoring data will occur at the frequencies describadle®b.
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Table 5. Sampling and Recording Frequencies foContinuous Monitoring.

Well Condition Minimum sampling Minimum recording
frequency: once every® |frequency: once every®®

For continuous monitoring of the injection well whe|5 seconds 5 minutes®

operating

Fortheinjection wellwhenshutin: 4 hours 4 hours

Note 1:Sampling frequency refers to how often the monitodagice obtains data from the well for a particular
parameter. For example, a recording device might sample a pressure transducer monitoring injection pressure once
every two seconds and save this value in memory.

Note 2:Recording frequency refers to haften the sampled information gets recorded to digital format (such as a
computer hard drive). Following the same example above, the data from the injection pressure transducer might be
recorded ta hard drive once every minute.

Note 3: This can be anverage of the sampled readings over the previemdnbite recording interval, or the
maximum (or minimum, as appropriate) value identified over that recoimlieyal.

Note 4: DTS sampling frequency @nce every 10 seconds artordedon an hourly basis.

Corrosion Monitoring

To meet the requirements of 40 CFR 146.90(c), ADM will momitelt materialsduring the
operationperiodfor loss ofmass, thickness, cracking, pitting, and other signs of corrosion to
ensure that the well compartes meet the minimum standards for material strength and
performance.

This monitoring will occuiquarterly,by the following dates each year: 3 months after the date of
authorization of injection, 6 months after the date of authorization of injectioonthmafter the
date of authorization of injection, and 12 months after the date of authorizainpactibn

ADM will monitor corrosion using the corrosion coupon method and collect samples according
to the description below and in Section 6A.3.5 ef @CS#2 permit application.

Sample Description

Samples of material used in the construction of the compression equipment, pipeline and
injection well which come into contact with tk#, stream will be included in the corrosion
monitoring program either bysing actual material and/or conventional corrosion coupons. The
samples consist of those items listed @ble6 below. Each coupon will be weighed, measured,
and photographed prior to initial exposure (B8ampleHandling andVonitoringd below)

Table 6. List of Equipment Coupon with Material of Construction.

Equipment Coupon Material of Construction
Pipeline CSA106B
Long String CasingSurface- 4,80 0 6 Carbon Steel
Long StringiT®si ng (|Chrome Alloy
Injection Tubing Chrome alloy
Wellhead Chrome alloy
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Equipment Coupon Material of Construction

Packers 1 Chrome alloy

Sample Exposure

Eachsample will be attaclieto an individual holderHigure2a) and then inserted in a flew

through pipe arrangemergiigure2b). The corrosion monitoring system will be located
downstream of all process compression/dehydration/pumping equipment (i.e., at the beginning of
the pipeline to the wellhead). To accomplish this, a parallel stream of high pré&uwal be

routed from thepipeline through the corrosion monitoring system and then back into a lower
pressure point upstream in the compression system. This loop will operate any time injection is
occurring. No other equipment will act on the £fast this point; therefore thisdation will

provide representative exposure of the samples to the@@position, temperature, and

pressures that will be seen at the wellhead and injection tubing. The holders and location of the
system will be included in the pipeline design and withalfor continuation of injection during
sample removal.

a8 e

Figure 2a. CouponHolder. Figure 2b. Flow-through Pipe Arrangement.

SampleHandling andMonitoring

The coupons will be handled and assessed for corrosion usiAgnéimecan Society for Testing
and Materials (ASTM) GD3, Standard Practice for Preparing, Cleaning, and Evaluating
Corrosion Test Specimens (ASTM 2011). The coupons will photographed, visually inspected
with a minimum of 10x power, dimensionally measuftedwithin 0.0001 inch), and weighed (to
within 0.0001 gm).

Groundwater Quality Monitoring

ADM will monitor groundwater quality and geochemical chargj@sve the confining zone
during theoperationperiodto meet the requirements of 40 CFR 146.90(d).

Thegroundwater monitoring plan focuses on the following zones:

1 Quaternary and/or Pennsylvanian stiiathe source of local drinking water.
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1 The St. Peter Formatidnthe lowermostUSDW.

1 The lIrontonGalesville Sandstoriethe zone above the Eau Clag@nfining zone

All of the monitoring locations are located on ADM properfygure3 shows the mject area
and thdocation of existing shallow groundwater monitoringl&@nd planned deaponitoring

wells. Table7 andTable8 show the planned monitoring methods, locations, and frequencies for

groundwater quality monitoring above the confinezge . ADM will also monitor in the Mt.

Simon Sandstone (the injection zone). Monitoring in this layer will be to track the carboredioxid
pl ume and i s desiradxiede ulldeme fiaClad bRPhrnessur e

Ilm_ai’,s- Industrial Carbon Capture and Storage -GG Tedtras

©  Shallow G

(ILIcCS) Project.Area and Related Wells
/ } = CO; Pipeli

IBDP Features

A

Figure 3. Location of shallow groundwater monitoring wells and deepn

o

B Injection Well #2
O Geophysical Monitoring Well #2
C Verification Well #2

= CO; Pipeline

® [njection Well #1
©  Geophysical Monitoring Well #1
O Verification Well #1

roundwater Well
ne

onitoring wells.
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Table 7. Direct Monitoring of Groundwater Quality and Geochemical Changeabovethe Confining Zone.

measurement t6211KB/5520MSL

Target Monitoring Monitoring . 5)
Formation Activity Location(s) SpEIlE CEvERE HTECEE,
Shallow 4 point locations, 1 sampling interv
monitoring wells: each. Approxdepths: Baseline;
Fluid MVAI10LG, MVAI10LG - 101 ft Year 12: Quarterly;
sampling MVAL11LG, MVAL1LG - 107 ft Year 35: Semi
Quaternary and/c MVA12LG, MVA12LG - 95 ft Annual
Pennsylvanian MVA13LG MVA13LG - 80ft
strata . . —
1 point location, distributed .
DTS CCS#L measurement to 6325 KB/5631 M Continuous
1 point location, distributed .
Ces#H2 measurement t6211KB/5520MsL | Continuous
Fluid GM#2 1 point location, 1 intervaB450 Baselineg;
sampling KB/2759MSL Year 15: Annual
Pressure/ . . .
1 point location, 1 interval:450 .
temp_era_ture GM#2 KB/2759MSL Continuous
St. Peter monitoring
1 point location, distributed .
e CCs#l measurement to 6325 KB/5631 Mg~ ~ontinuous
1 point location, distributed .
CCS#2 measurement t6211KB/5520MSL Continuous
. . . Baselineg;
1 point location, 1 interval: '
_ VW#1 . Year 13: Annual
F|U'0_| 4918- 5000 KB, 4224 4306 MSL Year 45 None
sampling - - - :
VWE2 1 point location, 1 interval: Baseline;
5010KB/4307MSL Year 15: Annual
. . . Year }3:
1 point location, 1 interval: .
11o| Pressure/ VWil 4918- 5000 KB, 4224 4306 MsL |, ontinuous
Ironton-Galesville temperature ' Year 45: None
monitoring 1 point location, 1 interval: .
VW#2 4902KB/4199MSL Continuous
1 point location, distributed .
DTS CCS#L measurement to 6325 KB/5631 M Continuous
CCSH2 1 point location, distributed Continuous

Note 1 Baseline sampling and analysis will be completed before injection is authorized.
Note 2:Quarterly sampling will take place by the following dates gagdr: 3 months after the date of authorization

of injection, 6 months after the date of authorization of injection, 9 months after the date of authorization of
injection, and 12 months after the date of authorization of injection.

Note 3:Semiannual samjihg will be performed each year by: 6 months after the date of authorization of injection

and 12 months after the date of authorization of injection.
Note 4:Annual sampling will occur up to 45 days before the anniversary date of authorization of ingaction

year.

Note 5: Continuous monitoring is described in Tabd this plan.
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Table 8. Indirect Monitoring of Ground water Quality and Geochemical Changes above the Confining Zone

Target Monitoring Monitoring . w2
Formation Activity Location(s) SpEIlE CEvERE AU
VWAL 1 point location (12 inches outside w Baseline,
bore) & continuous to full well depth  Year2, Year4
1 point location (612 inches outside Baseline
Pulse Neutrol VW#2 well bore) & continuous to full well :
Quaternary Loggmg/ depth Year2, Year4
and/or Reservoir X ) ) :
Pennsylvanian| Saturation 1 point location (€_512 inches outside Baseline
strata Tool (RST) CCs#1 well bore) & continuous to full well Year? Yea’r4
logs depth '
1 pointlocation (612 inches outside Baseline
CCSs#2 well bore) & continuous to full well ’
Year2, Year4d
depth
VWHL 1 point location (12 inches outside w Baseline,
bore) & continuous to full well depth  Year2, Year4
1 point location (612 inches outside Baseline
VW#2 well bore) & continuous to full well ’
depth Year2, Year4d
Pulse Neutrotr - : : :
St-Peter 1) 4ging/RST 1 point location (612 inches outside| o .
CCSs#1 well bore) & continuous to full well ’
Year2, Year4d
depth
1 point location (612 inches outside Baseline
CCS#2 well bore) & continuous to full well ’
Year2, Year4d
depth
VWHL 1 point location (12 inches outside w Baseline,
bore) & continuous to full well depth  Year2, Year4
1 pointlocation (612 inches outside Baseline
VW#2 well bore) & continuous to full well Year? Y '4
depth ear2, Year
Ironton Pulse Neutrotl 1 point location (612 inch <id
CCs#1 well bore) & continuous to full well Baseline,
Year2, Year4
depth
1 point location (612 inchesutside Baseline
CCs#2 well bore) & continuous to full well Year? Y ’4
depth ear2, Year

Note 1: Baseline sampling and analysis will be completed before injection is authorized.

Note 2:Logging will take placeip to45 dayseforethe anniversary date of authorizatiof injection each yeaor
will be alternatively scheduled with the prior approval of the UIC Program Director.
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Table9 identifies the parameters to be monitored and the analytical methods ADM will employ.

Table 9. Summary of analytical and field parameters for groundwater samples

Parameters

Analytical M ethods ®

Quaternary/Pennsylvanian

Ca, Fe, K, Mg, Na, and Si

Cations: ICP-MS,
Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl EPA Method ®20
Cations: ICP-OES,

EPA Method 6010B

Anions: lon Chromatography,
Br, Cl, F, NQ, and SQ EPAMethod 300.0
Dissolved CQ Coulometric titration,

ASTM D51311

Total Dissolved Solids

Gravimetry; APHA 2540C

Alkalinity APHA 2320B
pH (field) EPA 150.1
Specific conductance (field) APHA 2510

Temperature (field)

Themocouple

Ca, Fe, K, Mg, Na, and Si

St Peter

Cations: ICP-MS,

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl EPA Method ®20
Cations: ICP-OES,

EPA Method 6010B

Anions:
Br, Cl, F, NQ, and SQ

lon Chromatography,
EPA Method 300.0

Dissolved CQ

Coulometric titration,
ASTM D51311

Isotopes:U+C of DIC

Isotope ratio mass spectrometry

Total Dissolved Solids

Gravimetry; APHA 2540C

Water Density (field)

Oscillating body method

Alkalinity APHA 2320B
pH (field) EPA 150.1
Specific conductance (field) APHA 2510

Temperature (field)

Themocouple

Ironton-Galesville

Ca, Fe, K, Mg, Na, and Si

Cations: ICP-MS,
Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl EPA Method ®20
Cations: ICP-OES,

EPA Method 6010B
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Parameters Analytical M ethods ™

Anions: lon Chromatography,

Br, Cl, F, NQ, and SQ EPA Method 300.0

Dissolved CQ Coulometric titration,
ASTM D51311

Isotopes:U+C of DIC Isotope ratio mass spectrometry

Total Dissolved Solids Gravimetry; APHA 2540C

Water Density(field) Oscillating body method

Alkalinity APHA 2320B

pH (field) EPA 150.1

Specific conductance (field) APHA 2510

Temperature (field) Themocouple

Note 1:ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectromdry; GC
gas chromatographypyrolysis. An equivalent method may be employed withptfier approval of the UIC
Program Director.

Sampling will be performed as describediectionB.2 of the QASP; this section of the QASP
describes the groundwater sampling methods to be employed, including samplings8Qies (
B.2.a/b), and sample presation SectionB.2.9).

Sample handling and custody will be performed as describ®ddtionB.3 of the QASP.
Quiality control will be ensured using the methods describ&tationB.5 of the QASP.

External Mechanical Inteqgrity Tests (MIT s)

ADM will conduct at least one of the tegisesented iTable10 during the injection phase to
verify external Ml as required 40 CFR146.89(c) and 146.90. MITs wibe performed
annually,up to 45 days beforte anniversary date of authorization of injection each gear
alternatively scheduled with theior approvalof the UIC Program Director

Table 10. MITs.
Test Description Location
Temperature Log Along wellbore using DTS or wireline well log
Noise Log Wireline Well Log
Oxygen Activation Log Wireline Well Log
Testing and Monitoring Plan for ADM CCS#2Modified January 2017 Page A30f30
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Description ofMIT(s) That May be Employed

Temperature Loging Using Wireline

To ensure the mechanical integrity of the casing of the injection well, temperature data will be
recorded across the wellbore from surface down to primary caprock. Bottom hole pressure data
near the packer will also be provid&dhe following proceduressadescribed in Appendix G of

the CCS #2 permit application, will be employedtemperature logging

The well should be in a state of injection for at least 6 hours prior to commencing operations in
order to cool injection zones.

1. Move in and rig up aelectrical logging unit with lubricator

2. Run a temperature survey from the Base of the Maquoketa Formation (or higher) to the
deepest point reachable in the Mt. Simon while injecting at a rate that allows for safe
operations.

Stop injection, pull tool bacto shallow depth, wait 1 hour.
Run a temperature survey over the same interval as step 2.
Pull tool back to shallow depth, wait 2 hours

Run a temperature survey over the same interval as step 2.
Pull tool back to shallow depth, wait 2 hours

Run a tempeature survey over the same interval as step 2

© © N o o s~

Evaluate data to determine if additional passes are needed for interpretation. Should CO
migration be interpreted in the top most section of the log, additional logging runs over a
higher interval will be rquired to find the top of migration

10.If additional passes are needed, repeat temperature surveys every 2 hours until 12 hours,

over the same interval as step 2.
11.Rig down the logging equipment.

12.Data interpretation involves comparing the time lapse well ¢éeatpre profiles and
looking for temperature anomalies that may indicate a failure of well integrity; i.e. tubing
leak or movement of fluid behind the casiAg.the well cools down the temperature
profile along the length of the tubing string is compdeethe baseline. Any unplanned
fluid movement into the annulus or outside the casing creates a temperature anomaly
when compared to the baseline cooling profile.

Temperature Logging Using DTS Fiber Optic Line

CCS#2 is equipped with a DTS fiber optic teargture monitoring system that is capable of
monitoringthe nj ecti on wel |l 6s annul ar tempeThat ur e
DTS line is used for real time temperature monitoand like a conventional temperature log,

2Should operational constraints or safety concerns not allow for a logging pass while injecting, an acceptable,
alternate plan is to stop injecting imdiately prior to the first logging pass.
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can be usetbr early detectiorof temperature changésat may indicate a loss of well
mechanical integrity. The procedure for using the DTS for well ar@chl integrity is as
follows:

1.

o 0k~ w

After the well is completed and prior to injecti@abaseline t@peratureprofile will be
established. This profileepresentshe naturaltemperature gradient f@achstratigraphic
zone

During injection operationgcord the temperature profile for 6 hours prior to shutting in
well.

Stop injection and record temperature profile fooGrs.
Evaluate data to determine if additional cooling time is needed for interpretation.
Start injection and record temperature profile for 6 hours.

Data interpretation involves comparitige time lapsevell temperature profiles and

looking for temperat anomalies that may indicate a failure of well integrity; i.e. tubing
leak or movement of fluid behind the casiiige DTS system monitors and records the
wel |l 6s t emper atsetfrequenry imréal time. sAs thet wellacoofs dosvn
the tempeaiture profile along the length of the tubing string is compared to the baseline.
Any unplanned fluid movement into the annulus or outside the casing creates a
temperature anomaly when compared to the baseline cooling profile. This data can be
continuouslymonitored to provide real time MIT surveillance making this technology
superior to wireline temperature logging.

Noise Loging

To ensure the mechanical integrity of the casing of the injectionlogdingdata will be

recorded across the wellbdrem surface down to primary caprock. Bottom hole pressure data
near he packer will also be providedNoise logging will be carried out while injection is
occurring. If ambient noise is greater than 10 mv, injection will be halkd.following
procedures Wl be employed:

1.
2.

Move in and rig up an electrical logging unit with lubricator.

Run a noise survey from the Base of the Maquoketa Formation (or higher) to the deepest
point reachable in the Mt. Simon while injecting at a rate that allowsaferoperatiosn

Make noise measurements at intervals of 100 &eetdate a log on a coarse grid.

If any anomalies are evident on the coarse log, construct a finer grid by making noise
measurements at intervals of 20 feet within the coarse ilderoataining higmoise
levels.

Make noise measurements at intervals of 10 feet through the first 50 feet above the
injection interval and at intervals of 20 feet within th@-f@ot intervals containing:

a. Thebase of the lowermost ble@df zoneabove the injectiomtervaland
b. Theba® of the lowermost USDW (St. Peter).
Additional measurements may be made to pinpoiptideat which noise is produced.
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7.
8.
9.

Use a vertical scale of 1 or 2 inches per 100 feet.
Rig down the logging equipment.

Interpretthedata as followsbetermine the base noise level in the well (dead well level)
Identify departures from this level. An increase in noise near the surface due to
equipment operating at the surface is to be expected in many situations. Determine the
extent of any movementfitow into or between USDWs indicates a lack of mechanical
integrity; flow from the injection zone into or above the confining zone indicates a failure
of containment

Oxygen Activation(OA) Logging

To ensure the mechanical integrity of theirng®f the injectiorwell, loggingdata will be

recorded across the wellbore from surface down to primary caprock. Bottom hole pressure data
near the paakr will also be provided. Ofogging will be carried out while injection is
occurring.The following procedures will be gatoyed:

1.
2.

10.

Move in and rig up an electrical logging unit with lubricator.

Conduct a baseline Gamma Ray Log and casing collar locator log from the top of the
injection zone to the surface prior to taking the stationary readings with the OA tool.

The OA log sall be used only for casing diameters of greater thAty16 inches and
less than 133/8 inches.

. All stationary readings should be taken with the well injecting fluid at the normal rate

with minimal rate and pressure fluctuations.

Prior to taking the stionary readings, the OA tool must be properly calibratedinoa
vertical flow behind the casiagection of the well to ensure accurate, repeatable tool
response and for measuring background counts.

Take, at a minimum, a 15 minute stationary readijgcaat to the confining interval
located immediately above the injection interval. This must be at least 10 feet above the
injection interval so that turbulence does not affect the readings.

Take, at a minimum, a 15 minute stationary reading at a locapjroximately midway
between the base of the lowest USDW and the confining interval located immediately
above the injection interval.

Take, at a minimum, a 15 minute stationary reading adjacent to the top of the confining
zone.

Take, at a minimum, a IJfhinute stationary reading at the base of the lowerki8&W.

If flow is indicated by the OA log at a location, move uphole or downhole as necessary at
no more than 50 foot intervals and take stationary readings to determine the area of fluid
migration.

3 Gamma Ray Log is necessary to evaluate the contribution of naturally occurring background radiation to the total
gamma radiation count detected by the OA tool. There are different types of natural radiatiahfesnittearious
geologic formations or zones and the natural radiation may change over time.

Testing and Monitoring Plan for ADM CCS#2Modified January 2017 Page A60f30
Permit Number: IE115-6A-0001



11.Interpretthedatd: dent i fi cati on of differences 1in
ray countrate profile versus the expected cotate profile for a static environment.
Differences between the measured and expected may indicate flow in thesasmulu
behind the casing. The flow velocity is determined by measuring the time that the
activated water passes a detector

Pressure FallOff Testing

ADM will perform pressure falbff tests during the injection phase as described below to meet
the requiremets of 40 CFR 146.90(f).

Pressure falbff testing will be performed:
1 During injection, approximately half way through the injection phase (i.e., yeaiafd)
1 Atthe end of the injection period

ADM will conduct pressure falbff testing according to thprocedures below, as described in
Section 6A.3.4 of the CCS #2 permit application.

Pressure FaHloff Test Procedure

A pressure falloff test has a period of injection followed by a period-afijeotion or shuin.
Normal injection using the stream of €€aptured from the ADM facility will be used during
the injection period preceding the shifportion of the falloff tests. The normal injection rate is
estimated to b2,750MT/day (the last 3 years of the plannegléar injection period). Prior to
thefalloff test this rate will be maintained. If this rate causes relatively large changes in
bottomhole pressure, the rate may be decreased. Injection will have occugédyfeargprior

to this test, but there may have been injection interruptions dysetations or testing. At a
minimum, one week of relatively continuous injection will precede theishuartion of the
falloff test; however, several months of injection prior to the falloff will likely be part of the pre
shutin injection period and fisequent analysis. This data will be measured using a surface
readout downhole gauge so a final decision on test duration can be made after the data is
analyzed for average pressure. The gauges may be those usedtteddgpylata acquisition or a
pressue gauge will be conveyed via electric linelife).

To reduce the wellbore storage effects attributable to the pipeline and surface equipment, the
well will be shutin at the wellhead nearly instantaneously with direct coordination with the
injection compession facility operator. Because surface readout will be used and downhole
recording memory restrictions will be eliminated, data will be collected at five second intervals
or less for the entire test. The stuperiod of the falloff test will be at ést four days or longer

until adequate pressure transient data are collected to calculate the average pressure. Because
surface readout gauges will be used, the-shduration can be determined in réiahe. A report
containing the pressure falloff dedad interpretation of the reservoir ambient pressure will be
submitted to the permitting agency within 90 days of the test. Pressure sensors used for this test
will be the wellhead sensors and a downhole gauge for the pressure falloff test. Each gauge will
be of a type that meets or exceeds ASME B 40.1 Clas§.8%0(accuracy across full range).
Wellhead pressure gauge range will b& 000 psi. Downhole gauge range will @000 psi.
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Carbon Dioxide Plume and Pressure Front Tracking

ADM will employ direct and indirect methodsttack the extent of the carbon dioxide plume
and the presence or absence of elevated predgring theoperationperiodto meet the
requirements of 40 CFR 146.90(g).

TablellandTablel2 presenthe direct and indirect methottsat ADM will useto monitor the
position of theCO, plumeand pressure frontpcluding the activities, locations, and frequencies
ADM will employ.

ADM will conductltiid sampling and analysis tetect changes in groundwater in order to
directly nonitor the carbon dioxide plumé& he parameters to beralyzed as part dluid
sampling in theMt. Simon(i.e., the injection zonednd analytical methodare presentedn

Pressure at Top of CCS2 Injection Interval
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Figure 10. Predicted pressure profile at the top of the CS#2 injection interval,
simulated for 50 years after the commencement of injection.
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CCS2 Bottom Hole Pressure Using Lab Relative Perm Data
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Figure 11. Predicted CCS#2 bottomhole pressure profile,
simulated for 50 years after the commencement of injection.
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Figure 12. Predicted CO2 phase distribution, simulated for 50 years after the commencement of injection.
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. ADM will deploypressure/temperature mongaandDTS to directly monitor the position of
the pressure front.

Indirectplume nonitoring will be employed usingulsed neutron captuRST logs to monitor

CO, saturation. Tme-lapse 3D vertical seismic profiles (VSPs) will be used to image the
developingCO, plumefor indirect plume monitoring?assive seismic monitorir@mbination

of borehole and surface seismic statitmdetectocal eventsover M 1.0 within the AoRuill

alsobe performedQuality assurance procedures for seismic monitoring methods are presented
in Section B.9 of the QASP.

Table 11. Plume Monitoring Activities.

Target Monitorin g Monitoring : 1.4)
Formation Activity Location(s) SR CTEEgE Frequency
Direct Plume Monitoring
VWHL 1 point location, 1 interval: Baseline;
6837- 6632 KB, 6148 5938 MSL Year 13: Annual
Mt. Simon | Fluid sampling 1 point location, 3 intervals:
VW#2 6710, 6500 5810KB; Annual
6007, 5797, 5107MSL
Indirect Plume Monitoring
VWHL 1 point location (12" outside wellbor Baseline,
& continuous to full well depth Year2, Year4d
VWH2 1 point location (12" outsideellbore) Baseline,
. Pulse Neutror] & continuous to full well depth Year2, Year4
Mt. Simon . - - - -
Logging/RST cCs#l 1 point location (12" outside wellborg Baseline,
& continuous to full well depth Year2, Year4
CCSH2 1 point location (12" outside wellborg Baseline,
& continuous to full well depth Year2, Year4
Time-lapse GM#1 Fold ImageCoverage- 30 acres In 2013, 2014, 2015
VSP survey
Mt Simon Full coverage
3D surface | focusing on the N Baseline,
seismic survey northern exten Fold Image Coverage ~ 2,000 acrg Year 2 019)
of plume area

Note 1 Baseline monitoring will be completed before injection is authorized.

Note 2:Annual monitoring will be performed up to 45 days before the anniversary date of authorization of injection
each year or alternatively scheduled with the prioreyg of the UIC Program Director.

Note 3:Logging surveys will take place up to 45 days before the anniversary date of authorization of injection each
year or alternatively scheduled with the prior approval of the UIC Program Director.

Note 4: Seismisuveys will be performedh the 4" quarter before or thetjuarter ofthe calendar year shovem
alternativéy scheduled with the prior approwafthe UIC Program Director
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Table 12. PressureFront Monitoring Activities

Target
Formation

Monitoring
Activity

Monitoring
Location(s)

Spatial Coverage

Frequency

Direct PressureFront Monitoring

1 point location, 1 interval:

Year 13: Continuous;

VWL 6945- 5654 KB, 6251- 4960 MSL Year4-5: None
1 point location, 4 intervals:
VW#2 7041, 6681, 6524 5848KB; Continuous
Pressure/ 6338 5978 5821, 5145MSL
temperature 1 point location, 1 interval: PT @
monitoring CCS#1 6325 KB/5631 MSL; Perfs @ 6982 Continuous
Mt. Simon 7050 KB, 6288 6356 MSL
1 point location, 1 interval: PT @
CCs#2 6270KB/5579MSL; Perfs @6630- Continuous
6825KB, 5939- 6134MSL
1 point location, distributed .
DTS CCS# measurement to 6325 KB/5631 MS Continuous
1 point location, distributed .
CCS#2 measurement t6211KB/5520MSL. Continuous
Other Plume/Pressurd-ront Monitoring
A combination
Passive of borehole and The passive seismic monitoring
Multiple seismic surface seismic| system has the ability to detect seis Continuous

stations located
within the AoR.

events over M1.0 within the AoR.

Table 13. Summary of analytical and field parameters for fluid sampling in the Mt. Simon.

Parameters Analytical M ethods ™
Cations: ICP-MS,

Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, and Tl EPA Method ®20
Cations: ICP-OES,

Ca, Fe, K, Mg, Na, and Si

EPA Method 6010B

Anions:
Br, Cl, F, N@Q, and SQ

lon Chromatography,
EPA Method 300.0

Dissolved CQ

Coulometric titration,
ASTM D513 11

Isotopes:U+C of DIC

Isotope ratio masspectrometry

Total Dissolved Solids

Gravimetry; APHA 2540C

Water Density (field) Oscillating body method
Alkalinity APHA 2320B
pH (field) EPA 150.1
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Parameters Analytical M ethods ™
Specific conductance (field) APHA 2510

Temperature (field) Themocouple

Note 1:ICP = inductivelycoupled plasma; MS = mass spectrometry; OES = optical emission spectrometys=GC
gas chromatographypyrolysis.An equivalent methothay be employedith theprior approval of the UIC
Program Director.

Monitoring locations relative to the predicted¢dtion of the C@plumeand pressure frort 1-

year intervals throughout the injection phase are showigire4. Predicted extent of theO,

plume and pressure fro(@Pif = 62.2psi) relative to monitoring locations, at the

commenement of injectiorthroughFigure9. Predicted pressure profiles at the top of the
injection interval and bottorhole pressure at CCS#2 are showhigure10andFigurell The
predicted amount a€O; in the mobile gas, trapped gas, and dissolved (aqueous) phases for 50
years after the commencement of injection is showkigarel12.
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Figure 4. Predicted extent of theCO2 plume and pressure front(DPif = 62.2psi) relative to monitoring
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locations, after 1 year of injectionat CCS #2
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Figure 6. Predicted extent of theCO2 plume and pressure front(DPif = 62.2psi) relative to monitoring
locations, after 2 years of injectiorat CCS #2
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